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Influence of commercially available follicle stimulating hormone on
the in vitro maturation of bovine oocytes

Influéncia do hormonio foliculo-estimulante disponivel
comercialmente sobre a maturacao in vitro de oocitos bovinos

Maria Valéria de Oliveira Santos'; Luiza Bento de Queiroz Neta';
Alana Azevedo Borges'; Alexsandra Fernandes Pereira®

Abstract

The work aimed (Experiment I) to compare commercial representations of porcine follicle stimulating
hormone (FSH, Pluset® vs. Folltropin®) in concentration (10 pg/mL) and time (24 h) standard (more
used in protocols of in vitro maturation, [IVM); (Experiment II) to evaluate the best incubation time (6 h
vs. 16 h vs. 24 h) and, (Experiment III) to analyze varying concentrations (1.0 pg/mL vs. 2.5 pg/mL vs.
10.0 pg/mL) of representations of FSH on the IVM of bovine oocytes. Thus, oocytes were recovered and
submitted to IVM under appropriate conditions. After the IVM, oocytes were evaluated for expansion
of cumulus cells (CCs), presence of the first polar body (1PB) and metaphase plate (MII). All the data
were analyzed by the Fisher exact test (P < 0.05). Initially, in Experiment I, no difference (P > 0.05) was
observed in maturation rates of the oocytes incubated with FSH Pluset® or Folltropin®, assessed by
expansion of CCs (97.6% vs. 94.3%), presence of 1PB (76.6% vs. 69.4%) and MII (70.0% vs. 68.6%). In
Experiment II, when the incubation time with FSH was evaluated, both Pluset® as Folltropin® showed
lower rate of expansion of CCs when they were present only in the first 6 h of IVM. As for presence
of 1PB, differences were observed in relation to Pluset® while Folltropin® showed similar results in
all incubation times. Regarding the MII, no difference was observed between the incubation times
with FSH Pluset® and Folltropin®. In Experiment III, no difference was observed in the expansion of
CCs, presence of 1PB and MII for concentrations evaluated FSH Pluset® and Folltropin®. Therefore,
the FSH Pluset® and Folltropin® have the same efficiency in IVM of bovine oocytes. Regarding the
incubation time, it is recommended to maintain FSH (Pluset® or Folltropin®) throughout the period of
IVM, since there was no difference in the results of presence of MII. Furthermore, the concentration of
1.0 pg/mL of FSH Pluset® and Folltropin® is as effective as 10 ng/mL and can therefore be used for
IVM of oocytes.
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Resumo

O trabalho objetivou (Experimento I) comparar representagdes comerciais do horménio foliculo
estimulante suino (FSH, Pluset® vs. Folltropin®) na concentracdo (10 pg/mL) e tempo (24 h) padrao
(mais utilizados nos protocolos de maturacdo in vitro, MIV); (Experimento II) avaliar o melhor tempo
de incubag@o (6 h vs. 16 h vs. 24 h) e, (Experimento III) analisar concentragdes variaveis (1,0 pg/mL
vs. 2,5 ug/mL vs. 10,0 pg/mL) das representacdes de FSH sobre a MIV de odcitos bovinos. Para tanto,
odcitos foram recuperados ¢ submetidos a MIV em condigdes adequadas. Apds a MIV, odcitos foram
avaliados quanto a expansdo das células do cumulus (CCs), presenga do primeiro corptsculo polar
(1CP) ¢ placa metafasica (MII). Todos os dados foram analisados pelo teste exato de Fisher (P < 0,05).
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Inicialmente, no Experimento I, nenhuma diferenca foi observada (P > 0,05) nas taxas de maturagao
de oocitos incubados com FSH Pluset® ou Folltropin®, avaliadas pela expansao das CCs (97,6% vs.
94,3%), presenga de 1CP (76,6% vs. 69,4%) e MII (70,0% vs. 68,6%). No Experimento II, quanto ao
tempo de incubacdo com FSH foi avaliado, tanto Pluset® quanto Folltropin® mostraram uma menor
taxa de expansdo de CCs somente nas primeiras 6 h de MIV. Quanto a presenca de 1CP, diferengas foram
observadas em relagdo ao Pluset® enquanto o Folltropin® mostrou resultados similares em todos os
tempos de incubag@o. Em relagdo a MII, nenhuma diferenga foi observada entre os tempos de incubagao
com o FSH Pluset® e Folltropin®. No Experimento III, nenhuma diferenca foi observada na expansao
das CCs, presenga do 1CP ¢ MII para as concentra¢des avaliadas de FSH Pluset® e Folltropin®.
Portanto, FSH Pluset® ¢ Folltropin® tem a mesma eficiéncia na MIV de odcitos bovinos. Em relagao
ao tempo de incubagdo, é recomendado manter o FSH (Pluset® or Folltropin®) ao longo do periodo
da M1V, uma vez que nenhuma diferenca foi observada nos resultados da presenga de MII. Além disso,
a concentragdo de 1,0 pg/mL de FSH Pluset® e Folltropin® ¢ tdo eficiente quanto a 10 pg/mL e pode,

portanto, ser usada para a MIV de odcitos.

Palavras-chave: Bovino. Gonadotrofina. Produgao in vitro de embrides. Odcitos.

Introduction

The
comprises several steps ranging from oocyte

in vitro embryo production (IVEP)

retrieval until the in vitro development of embryos
in which each step has a direct influence on the
final result. Briefly, the main stages of IVEP are:
recovery, selection and in vitro maturation (IVM) of
cumulus-oocyte complexes (COCs), IVF of COCs
matured, in vitro development (IVD) of presumptive
zygotes, transfer and birth of offspring. The IVM
step may be considered critical for the success of
IVEP (RIOS et al., 2015), since in besides being
the first stage of culture itself, it is also responsible
for providing the necessary factors for the oocytes
undergo modifications necessary for embryonic
development (MACHATY et al., 2012).

During the IVM, FSH plays a key role in the
acquisition of competence for fertilization and
embryo in vitro development (SIRARD et al., 2007;
XIAO et al., 2014). The addition this hormone in
the IVM medium increases mRNA expression of
FSH receptors (rFSH) and LH receptors (rLH) in
cumulus cells (CCs) (XIAO et al., 2014). However,
some factors may influence the performance of FSH
on these cells, as the source of FSH, which is directly
related to their degree of purification and biological
activity. This hormone may be extracted from the
urine of women after menopause (HOOMANS et
al., 1999), the pituitary extract of domestic animals,
especially porcine (pFSH) and sheep (0FSH), and by

recombinant DNA technology using ovarian lineage
chinese hamster cells for recombinant human
FSH; rhFSH (CALDER et al., 2003). Same after
purification, urinary FSH or derived from pituitary
displays a low degree of purity, with varying
amounts of other hormones related to fertility,
primarily LH (HOOMANS et al., 1999; LISPI et
al., 2006). When it comes to origin FSH for IVM of
bovine oocytes, the most used are of porcine origin
with different proportions of FSH:LH (ALVES et
al., 2001; CALDER et al., 2003; KAKKASSERY
etal., 2010).

Studies have shown that the origin and
concentration of this FSH in the medium of IVM
may influence the maturation rates in different
species: porcine (BING et al, 2001), equine
(BORGES et al., 1998), cattle (CALDER et al.,
2003) sheep (SHIRAZI et al., 2010). Additionally, it
was observed that the addition of FSH may increase
the competence of oocytes in just a few hours during
initiation of IVM (KHAN et al., 2015). Thus, it is
necessary to establish the optimum incubation time
of this hormone (SIRARD et al., 2007), according
to commercial representation. Therefore, this study
aimed to: i) compare commercial representations
of FSH porcine origin with different degrees of
purification (proportion of FSH:LH); ii) evaluate
the incubation time and iii) analyze different FSH
concentrations of representations of IVM of bovine
oocytes.
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Material and Methods

This study was approved by the Ethics Committee
of Animal Use the Federal Rural University of Semi-
Arid (CEUA/UFERSA, n° 23091.001069/2015-79).
Unless otherwise indicated, reagents were purchased
from Sigma-Aldrich (St. Louis, MO, USA) and the
pH of the media was adjusted to 7.2-7.4.

Experimental design

This study evaluated the influence of commercial
representations of FSH, Folltropin® and Pluset®,
on the IVM. The Folltropin® has 84% of FSH and
16% of LH (5.25:1) in its composition. Already
the Pluset® contains 50% of FSH and LH (1:1).
Thus, three experiments were performed. In the first
experiment, comparison of different commercial
representations of FSH (Pluset® vs. Folltropin®) to
10 pg/mL for 24 h was performed; in the second
experiment, evaluation of different incubation times
(6 hvs. 16 hvs. 24 h) with 10 pg/mL of Pluset® FSH
or Folltropin® FSH during IVM was employed and
last experiment, analysis of different concentrations
(10 pg/mL vs. 2.5 pg/mL vs. 1.0 pg/mL) of Pluset®
or Folltropin® FSH was carried out with the best
time stablished in the second experiment. After the
IVM, all oocytes were evaluated for the expansion
of cumulus cells (CCs), the presence of the first
polar body (1PB) and presence of the metaphase
plate (MII).

Recovery of immature oocytes

Bovine ovaries were collected of female

with reproductive history unknown in local
slaughterhouse and transported to the laboratory
in saline solution (NaCl, 0.9%) plus antibiotics
(penicillin, 0.05 mg/mL) at 35-37 °C. In the
laboratory, oocyte collection was performed using
the follicular aspiration technique. All visible
follicles of 2-8 mm diameter were aspirated for
the recovery of structures. The procedure was

performed using a 21G needle attached to a syringe

of 5.0 mL containing selection medium [TCM199-
HEPES; 2.2 g/LL sodium bicarbonate; 0.2 mM
sodium pyruvate; 40 pg/mL gentamicin sulfate and
10% fetal bovine serum (FBS; Gibco, Kentucky,
USA)]. From the follicular content, oocytes were
retrieved and classified under stereomicroscope and
only the COCs having more than one layer of CCs
and homogeneous cytoplasm (GONCALVES et al.,
2008) were considered viable and used for [IVM.

In vitro maturation (IVM)

The IVM was performed in selection medium
supplemented with 100 pM cysteamine and FSH
according to each experiment. Selected structures
were divided into drops (100 uL) covered with
mineral oil and grouped in 30-40 COCs per drop
for 24 h at 38.5 °C, humidified atmosphere of 5%
CO,. To analyze the incubation period of FSH
(Experiment 2) after 6 h and 16 h of incubation,
COCs were rapidly washed and transferred to drops
of IVM medium without FSH to complete the
maturation time of 24 h.

Evaluation of oocyte maturation

After IVM, the COCs were evaluated for
expansion of CCs
Subsequently, they were denuded by repeated
pipetting in selection medium for the observation of
the presence of 1PB. Thus, oocytes with expanded

under stereomicroscope.

CCs and presence of 1PB were considered matured.

The nuclear development of oocytes was assessed
using the Hoechst 33342. To this end, denuded
oocytes were fixed in 4% paraformaldehyde in PBS
for 30 min and washed in PBS containing 0.4%
bovine serum albumin (BSA). Then staining was
performed with Hoechst 33342 (10 pg/mL) for 15
min to visualization in fluorescence microscope.
Finally, oocytes presenting nucleus in metaphase
II (metaphase plate, MII) were considered matured
and those in other nuclear phases (as prophase
I, metaphase I, anaphase I and telophase 1) were
considered immature.
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Statistical analyses

Maturation rates, calculated by the number of
oocytes presenting expanded CCs, presence of
1PB and MII on the total evaluated oocytes and
resulting from different groups were analyzed by
Fisher exact test using Graphpad Software INSTAT
3.06 (GraphPad Software Inc., La Jolla, USA). Data
were expressed as percentage mean + standard error
of the mean and the differences were considered
statistically significant when P<0.05. For all
evaluations, five replicates were considered for the
analysis of data.

Results

Initially, in the first experiment, there was no
difference (P>0.05) in oocyte maturation rates
incubated with Pluset® or Folltropin® FSH
evaluated by the expansion of CCs, presence of 1PB
and presence of MII (Table 1). Therefore, having
seen that there was no difference in efficiency
between FSH provenances tested; other experiments
were carried out to establish the parameters of
time and concentration of the two commercial
representations.

Table 1. Evaluation bovine oocytes incubated with different representations of FSH (Folltropin® vs. Pluset®).

Commercial representation (FSH:LH)

Evaluation of IVM

Pluset® (1:1)

Foltropin® (5,25:1)

Cumulus cell expansion
Presence of the first polar body
Presence of metaphase plate

97.6 + 1.4 (120/123)
76.7+ 5.2 (89/116)
70.0 + 3.8 (70/100)

94.3 +3.1 (116/123)
69.4+ 5.0 (84/121)
68.6 + 5.3 (70/102)

Mean on % =+ standard error (). P>0.05.

In experiment 2, using FSH Pluset® (Table 2), a
lower percentage of expansion of CCs was observed
in oocytes incubated with FSH only the first 6 h of
IVM in comparing the time of 16 h. Nevertheless,
the time of 24 h showed no difference compared to
other times. Regarding the presence of 1PB, a better
result was obtained after 24 h of incubation in the
presence of FSH compared to the time of 6 h, which
did not differ from the time 16 h. In the analysis of
MII (Figure 1), no difference was observed in any
of the time period (P>0.05). Thus, numerically 24 h
showed a higher number of oocytes in virtually all
parameters.

Already, after the IVM with FSH Folltropin®
for different periods of incubation (Table 2), higher

rate (P<0.05) expansion of CCs were obtained from
oocytes maintained in the presence of FSH for 16 h
and 24 h. Regarding the presence 1PB and MII, there
was no difference between time periods (P>0.05).
Therefore, the result numerical time of 24 h showed
a greater number of oocytes by staining with Hoechst
(more precise parameter of [VM analysis). Thus,
due to the results obtained and greater operational
case for the next experiment time of 24 h was used
for both commercial representations evaluated in
this study.

In experiment 3, when the FSH Pluset®
and Folltropin® were evaluated according to
concentration, there was no difference (P>0.05) on
none of the evaluated parameters (Table 3).
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Table 2. In vitro maturation of bovine oocytes incubated with Pluset® FSH (FSH/LH 1:1) and Folltropin® FSH
(FSH:LH, 5,25:1) for different times (6 h vs. 16 h vs. 24 h).

) Pluset® FSH (FSH/LH, 1:1) Folltropin® FSH (FSH:LH, 5,25:1)
Evaluation of IVM 6h 16 h 24h 6h 16 h 24h
Cumulus cell expansion 95.8+1.3 100 £0.0 97.5+1.7 86.1+7.5 100+ 0.0 97.3+3.1

(114/119) (120/120)° (119/122)® (62/72)* (77/77)° (73/75)°
Presence of the first polar  62.5 £4.3 72.7+£2.1 76.1 £4.5 76.8 £4.3 79.7+£7.0 77.8+£5.7
body (60/96)* (80/110)* (89/117)° (53/69)° (59/74) (56/72)
Presence of metaphase 435+7.1 474+5.1 53.5+5.0 41.0+6.2 39.1+74  56.1+7.8
plate (30/69)* (37/78)* (46/86)* (16/39)* (18/46) (23/41)*

Mean in % = standard error (n). **: differs on the same line. P<0.05.

Figure 1. Evaluation of the presence of metaphase plate in bovine oocytes incubated with Pluset® FSH (FSH: LH,
1:1) in the maturation medium.

A: image in bright field. B: image in dark field. (200X). (red arrow) matured and (white arrow) not matured.

Table 3. Evaluation of oocytes incubated with Pluset® FSH and Folltropin® FSH at different concentrations (1.0 vs.
2.5 vs. 10.0 pg/mL) during IVM for 24 h.

Pluset® FSH (FSH:LH; 1:1) Folltropin® FSH (FSH:LH, 5.25:1)
1.0 pg/mL 25 ng/mL 100 pg/mL. 1.0 pg/mL. 2.5 pg/mL  10.0 pg/mL
99.2+0.9 99.2+0.9 100+ 0.0 100+ 0.0 100 + 0.0 100+ 0.0
(125/126) (121/122) (126/126) (119/119) (122/122) (120/120)

Evaluation of IVM

Cumulus cell expansion

Presence of the first 61.7+£6.5 71.6 £5.6 702 +£5.3 67.5+5.0 63.6+5.4 72.0+4.6
polar body (74/120) (83/116) (85/121) (77/114) (77121) (85/118)
Presence of metaphase 65.0+1.8 63.9+3.1 70.9+3.1 524472 583 +4.1 579455
plate (67/103) (69/108) (61/86) (44/84) (56/96) (44/76)

Mean in % =+ standard error (n). P>0.05.
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Discussion

In IVM, gonadotropins are the main stimulators
of the oocyte development; and, FSH being deemed
vital for the oocytes becomes qualified to in vitro
fertilized (LU et al., 2014; KHAN et al., 2015). In
this study, two different commercial representations
of FSH [Pluset® vs. Folltropin®] were evaluated
on in vitro maturation of oocytes and no difference
was observed between the representations when the
oocytes were evaluated by the expansion of CCs,
the presence of 1PB and presence of the MII.

Anderiesz et al. (2000), using recombinant
hormones, obtained better maturation rate when
COCs were matured in FSH/LH in a ratio of 1:1 and
1:10 compared to FSH or LH alone. Furthermore,
the addition of any proportion of FSH and LH (1:1
or 1:10) in [IVM improved development of embryos
in the blastocyst stage (ANDERIESZ et al., 2000).
However, our results suggest that when it comes to
porcine FSH in standard concentration of 10 pg/
mL, the proportion of LH (degree of purification)
does not interfere in the bovine oocytes maturation
Saeki (1990) evaluated different
commercial representations of FSH porcine and
ovine (NIADDK, Ausa, Sigma and Schering) at
predetermined concentrations, which also was no

rate. et al.

difference in blastocyst rate ranging 20-23%.

As for incubation time FSH, both Pluset® as
Folltropin® showed lower CCs expansion rate when
they were present only in the first 6 h of IVM. The
times of 16 h and 24 h in the presence of these FSH
representations shown above and similar results;
however, only for Pluset® time of 24 h was similar
to 6 h. Likewise, Ali and Sirard (2005) observed a
higher expansion CCs after 24 h of incubation with
rhFSH; so 6 h expansion is considered minimal,
reaching only the last layers of cumulus.

The CCs have gonadotropin receptors that are
not present in oocytes, so the presence of these
cells is crucial to maintain communication with the
oocyte extracellular stimulating the development
(CALDER et al., 2003; GLISTER et al., 2014;

LONERGAN; FAIR, 2016). The CCs are widely
used as a non-invasive assessment method of
COCs quality before (compact cumulus) and after
(expanded cumulus) the IVM (NEVORAL et al.,
2014). However, both evaluations are considered
subjective, for they can not predict the status of
molecular development of oocytes (SIRARD et al.,
2007; SU et al., 2012). So often it is necessary to
use more precise methods of analysis that allow for
greater confidence in the results, as in the case of
evaluations of 1PB and MII presence made in this
study.

In this context, when the incubation time (6 h
vs. 16 h vs. 24 h) with FSH was evaluated for the
presence of 1PB differences were observed in
relation to Pluset®, while Folltropin® showed
similar results in all incubation times. Briefly, FSH
Pluset® exhibited better rate of 1PB when present
at 24 h of IVM in comparison to the time of 6 h,
which were similar to the period of 16 h. This
result with Pluset® FSH can be justified because
of the increased amount of LH that commercial
representation, which may have influenced oocyte
response. Regarding the assessment of the MII,
more precise parameter analysis of IVM, there
was no difference between the incubation times
with FSH Pluset® and Folltropin®. However,
in a previous study evaluating the embryonic
development of COCs matured for different times
(2 h vs. 6 h vs. 24 h) with thFSH a significantly
better rate of blastocysts was obtained when the
hormone was only present during the first 6 h [VM
(ALI; SIRARD, 2005). In addition, in the same
study, the development of embryos to the blastocyst
stage was improved by the addition of thFSH in the
first 2 h of IVM as compared with negative control
without hormones. Furthermore, it was observed
that from 6 h of the maturation there is a decrease
in the expression of messenger RNAs coding for
connexin 43 (the protein that comprise the GAP
junctions in oocytes) and FSH receptors on CCs,
suggesting the occurrence of decrease of stimulus
maturation (CALDER et al., 2003).
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In general, the presence of FSH in the early [VM
may be sufficient to trigger the necessary signaling
pathways to promote nuclear and cytoplasmic
maturation of cattle oocytes (SIRARD et al., 2007,
KHAN et al., 2015), increasing blastocyst rates.
Thus, a recent study to characterize the role of FSH
on oocyte maturation used the 6 h incubation time
(with rhFSH) as a basis for performing various
molecular assays for identifying molecules involved
in stimulating FSH via the CCs (KHAN et al., 2015).
However, in this study, the statistical similarity of
the results and the best operating conditions have
led to the choice of time of 24 h of incubation with
FSH for the next experiments.

The concentration of FSH in the medium of IVM
is directly related to its origin and especially the
degree of purification of the hormone (CALDER
et al., 2003; JAIN et al., 2016). Typically, the more
purified is the FSH best, especially when it comes
to recombinant FSH (LISPI et al., 2006). In relation
to animal origin FSH, all available representations
have some degree of contamination with other
hormones (mainly LH), resulting in a lower cost.

In this study, there was no difference in the rate
of expansion of the CCs of oocytes with different
concentrations of FSH Pluset® and Folltropin®,
which showed 100% of expanded COCs. Calder
et al. (2003) evaluated concentrations well below
pFSH (1 vs. 100 vs. 1000 ng/mL) on the rates of
expansion of CCs and observed that it was effective
only at higher measured amount (2.5% vs. 5.5 %
vs. 76.4%, respectively). Moreover, these authors
observed that for thFSH the same concentrations
(1 vs. 100 vs. 1000 ng/mL) results were similar
in the expansion of CCs (87.3% vs. 92.1% vs.
78.7%, respectively). Therefore, it is believed that
the higher concentrations of pFSH used in this
work were responsible for causing total cumulus
expansion in most groups. Already, in buffalo, there
was a higher rate of expansion of CCs when used a
5 ug/mL and 10 pg/mL of pFSH compared with the
concentration of 1 ug/mL (JAIN et al., 2016).

As regards the analysis of nuclear maturation,
namely the presence of a metaphase plate and
1PB there was no difference between the different
concentrations of FSH Pluset® and Folltropin®.
Similarly, Jain et al. (2016) not observed difference
in the percentage of COCs showing metaphase II
after IVM with 1, 5 and 10 pg/mL of pFSH, using
the Hoechst dye. Previously, supraphysiological
concentrations higher than pFSH (10 pg/mL, 20 pg/
mL and 40 pg/mL) were evaluated and a negative
effect was observed (10: 81.8%, 20: 55.5%, 40:
50.0%) of greater amounts of the hormone, which
may have slowed or inhibited bovine oocytes
maturation, decreasing the rate of metaphase II at
the end of IVM; nevertheless, the authors verified
no differences in cleavage and blastocyst rates
(ALVES et al., 2001). In general, the concentration
of 10 pg/mL does not have deleterious effects and
so it is widely used for pFSH, justifying similar
maturation rates in this study. However, it can be
stated that the concentration of 1.0 pg/mL of FSH
Pluset® or Folltropin® is sufficient to promote
efficient in vitro maturation of bovine oocytes.

Other studies to evaluate the effect of different
concentrations of FSH on embryonic development
have been conducted. For example, Choi et al.
(2001) evaluated various concentrations ranging
from 0 to 15 ng/mL of FSH sheep for IVM oocytes,
and no difference in blastocyst rate after 8 days of
in vitro culture, even when LH was present in the
medium. Recently, concentrations of 1.0 pg/mL, 5.0
pug/mL and 10 pg/mL of FSH in the presence of 50
or 100 IU/mL of LH were evaluated; where it was
observed that the best concentration of FSH for [VM
oocytes was 5.0 pg/mL, regardless of the amount
of LH (XIAO et al., 2014). Furthermore, it was
observed that FSH alone is capable of promoting
expression of membrane receptors for itself and for
LH. However, only the LH was not able to promote
expression of these receptors in CCs (XIAO et al.,
2014). Thus, there may be a beneficial synergistic
effect between these hormones also in vitro.
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Conclusions

In summary, in this study, we observed that FSH
Pluset® and Folltropin® have equal efficiency when
present in I[IVM of bovine oocytes in concentration
(10 pg/mL) and time (24 h) standard. Regarding
the incubation time, as there was no difference in
most of the results, it is recommended to maintain
FSH (Pluset® or Folltropin®) throughout the
period of IVM, it is not so necessary to carry out
medium exchange during the culture. Additionally,
the concentration of 1.0 ug/mL of FSH Pluset® and
Folltropin® is as effective as 10 pg/mL and can
therefore be used for IVM oocytes. Finally, more
studies addressing the subsequent stages of the IVEP
are needed to confirm the parameters set out in this
work and efficiency in obtaining quality embryos
and molecular competence of oocytes cultured.
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